Abstract: The overarching aim of this paper is to investigate the lake ecosystem response to different 13 drivers over a long term period by a paleolimnological study in Lake Narlay (46°64N, 5°91E) located 
Materials and Methods

66
Site description 67 Lake Narlay (46°64N, 5°91E) is located in the Jura Mountains (eastern France) as shown in Figure 1 .
68
The catchment area is mainly covered by forest (32 % of mixed forest, 13 % of coniferous forest, 16% 69 of hardwood forest) while 34 % is represented by agricultural parcel and only 5 % by urban area
70
(Corine Land Cover, www.stats.environnement.developpement-durable.gouv.fr). The lake has a 71 surface of 41 ha, and 40m as water depth maximum. From the earlier part of the 20th century, Lake 
Proxies analyzed
88
Photosynthetic pigments were extracted in 90% acetone, overnight in the dark, under nitrogen. The 
94
Diatoms were prepared using standard H2O2-HCl digestion and mounted with Naphrax. For each 95 sample, at least 500 valves were identified and enumerated with a light microscope (Zeiss Axiolab).
96
Data analysis
97
Statistical analyses were performed using R software [14] . The zones were determined by 98 constrained hierarchical cluster analysis using a Bray-Curtis distance and CONISS linkage method 99 with the Rioja package [15] . The significance of the zone was assessed using the broken-stick model 100 [16] . The probability distribution of age changes for the cores Nar10_P1 and Nar13_P1 was done with CANOCO[18] and the significance of the axes was tested using the broken-stick model 
Results
106
Figure 3 represent the major algal specific carotenoid that have been detected along the core. The 107 temporal evolution of the key photosynthetic algal and bacteria taxa, represented by their specific 108 carotenoid. Car inf-TP is the water TP inferred from total carotenoid as in Guilizzoni et al. [7] . The Figure 3 . Lake Narlay, core NAR13-P1: Distribution of the most abundant specific carotenoid identified along the core analyzed. The horizontal line represents the boundary between the zone based on the CONISS clustering. The total phosphorus reconstructed from total carotenoid (car-inf TP) is also shown.
(Lutein) and diatom (diatoxanthin). In this period there is also a high amount of both photosynthetic 115 anaerobic bacteria forms: "red" (okenone) and "green" (isorenieratiene). This suggest the presence of 116 anoxic bottom water, but a good water transparency due to the development of red and green 
150
deep layers of Lake Narlay even under anoxic conditions. This suggest that it is a still cold phase, but 151 warmer respect to the previous one, with A. subarctica blooming at the early spring, water mixing.
152
The early twentieth century (Di_Z4) is characterized by the disappearance of A. subarctica and 153 the other cold-water species and by the increase of oligo-mesotrophic taxa (C. comensis, species succession, with oligotraphentic taxa gradually substituted by taxa preferring higher trophic 158 conditions. Indicators of meso-eutrophic conditions (e.g., Fragilaria crotonensis<Asterionella 159 formosa) became abundant in the lakes during the last decade. The temperature increase observed in 160 this latter period is overwritten by the recent anthropogenic impact occurred in the last 50yrs.
162
patterns in each of the chironomids, pigments and diatom dataset. For both chironomids and 165 carotenoids only the first axis resulted to be significant, and they explained 44% and 37% respectively 166 of the temporal variability. In the case of diatom up to 4 axis resulted to be significant according to 167 the test, but we considered for the following analysis only the first (31%) and second (23%) axis that 168 explained together up to 54% of the variance among diatoms communities.
169 Guiot et al. [19] provided a spatially gridded reconstruction of the spring-summer temperature 170 over the last 1400 years. This reconstruction was based on tree-ring analysis for the present area (but 171 also on pollen and ice-core data for the other grids). In the present study, the temperature anomaly 172 from the grid "TAS 2.5° E; 42.5° N" has been used to provide annual climate reconstitution over the matrix of the Sperman's rho ( Figure 5 ). The scatter plot with highest correlation are closest to the Figure 5 . Lake Narlay: Scatter plots of the pigments, diatoms and chironomid sample-scores on the first PCA axis against long term temperature anomalies from Guiot et al. [19] . The scatter plot with highest correlation are closest to the diagonal; the two color tone highlight those where p-value is minor of 0.5 and 0.1 respectively.
181
Based on this analysis, the chiro-PCA scores are more strongly related to temperature, while 
185
Sediment records provide a detailed reconstruction of the trophic and ecological evolution of 186 Lake Narlay during the last ca. 1200 years, which confirm the historical data and is highly coherent 187 with the recent trophic evolution of several other EU temperate lakes. 
199
The last change at the beginning of 20th century corresponds to an increase in the trophic status
200
and the degradation of oxygen concentrations to reach probability the current state of Lake Narlay.
201
Despite the reduction in cultivated pollen in the core top section (Figure 6 ), historic archives reveal 
